Heat transfer in a channel in presence of a hexagonal cylinder has been numerically investigated. The flow analysis on hexagonal cylinder surrounding laminar and turbulent regime is done with the Reynolds number ranging from 100-50000 and turbulence intensities from 5% to 50%. Air being the flowing medium is considered to have constant Prandtl number. The problem is simplified to a three-dimensional approach. Continuity, momentum, and energy equations are used for the solution of the governing equations. Transition SST Model is used to perform computation of steady variants. The analysis results are verified with correlations and it is being observed that they are similar to each other. This work indicates that SST Model can connect all flow regimes for forecasting the heat transfer with almost no effort.
INTRODUCTION
The flow around bluff cylinders has been widely studied due to its theoretical and practical importance in engineering and scientific relevance in thermal engineering and fluid mechanics. The fluid flow is external when it is flowing over the surface and internal flow when it is flowing in the conduit. The characteristic of external flow is different from internal flow. Circular-cylindrical structures are used for various devices in mechanical, civil and other engineering fields. In the designing of heat exchangers for locomotive, cooling system for nuclear power plants, offshore structures, buildings, chimneys cylinder-like structures are found both in alone and in a group. Air and water as the flowing medium are used power lines, grids, screens, and cables. The flow around circular cylinders show various important physical phenomena, such as separation of flow, vortex shedding and also the shifting of flow from laminar to turbulence. The shape of the bodies determines the form of flow and the energy transformation and flow characteristics. Thus, designer should be aware of developing the correct shape and dimension of the body. Any deviation from the proper shape or dimension may result in a loss of the efficiency of flow or heat exchange process. Motlagh and Hashemabadi [1] performed a two and three-dimensional CFD modelling of heat transfer from discrete circular cylindrical particles in four different cases. These are infinite cylinder in cross-flow, cross-flow on finite cylinder with different aspect ratio in a rectangular duct; axial-flow on finite cylinder and axial-flow on finite cylinder with upstream turbulence have been inspected with the commercial CFD software. The standard κ-ɛ turbulence model is used to calculate eddy viscosity of flow neglecting all body forces. CFD simulations and experimental results are properly arranged for obtaining local and overall heat transfer coefficient. Kondjoyan and Daudin [2] have shown the effect of free stream turbulence intensity on heat and mass transfer at a surface of circular cylinder and an elliptical cylinder. The cross flow around circular cylinder is observed and is found to have turbulence intensity ranging from 1.5 to 40% and of Reynolds number ranging from 3000 to 40000 on transfer coefficients. The effect of turbulence intensity is important as the influence of velocity and it seemed to be independent of the pressure gradient and of the degree of turbulence isotropy.
It is also observed that the air flow properties affect the heat transfer more than the cylinder axis ratio does. Their work also approves that the local transfer coefficient is much higher at the stagnation point of a circular cylinder than elsewhere at the surface. Sanitjai and Goldstein The Nusselt number is also a function of Reynolds number and Prandtl number in each flow region. Some more vortex generators have been intensively investigated recently [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The focus of the present analysis is on the transport phenomena in hexagonal cylinder. The presented work provides a standard test for CFD simulations of heat transfer from hexagonal cylinder and confirmed with the correlations for allowing further study of heat transfer on more complex geometries.
PROBLEM FORMULATION
The forced convection cross flow around a hexagonal cylinder is considered in the present work. H=10D has been used as the ratio of the width of the cylinder to the vertical distance between the upper and lower walls. The problem is considered to be three-dimensional. Figure 1 shows the computational domain where D is the diameter of the cylinder. The working fluid is air having Prandtl number 0.71.
GRID GENERATION
The grid selected in this work, has 22542 nodes; and it is selected by following Richardson extrapolation method. The present grid result contradicts by 4.52% from grid independent value. Grids are generated on the CAD drawing, using GAMBIT, solver fluent 16.2 for proper simulation and analysis. Structured grids are generated as shown in Figure 2 .
BOUNDARY CONDITION AND GOVERNING EQUATIONS
Fluid approaches the plate with an inlet velocity of ∞ and the temperature of the inlet fluid is ∞. The cylinder constant surface temperature is maintained at = 500k. Air is considered as the working fluid with constant physical properties (Pr=0.71) with an inlet temperature of 300k. The domain size is fixed and the fluid properties are also considered to be constant. Thus, the variation of Reynolds number is done by changing the inlet velocity.
The three dimensional governing equations of continuity, momentum and energy equations are solved using Transient SST model modified and proposed by Abraham et. al. [19] . Ansys Fluent 16.2 is used to solve the following governing equations. 
-8 for energy equations converged the solutions. The interpolation of the temperature gradients used the third order accurate scheme and the gradients for intermittency (γ), turbulent kinetic energy, specific dissipation rate, and momentum thickness used second order accurate upwind scheme. The discretized equations are then linear using an implicit scheme and solved iteratively. 
RESULT AND DISCUSSIONS
The results obtained after the simulation performed with the several Reynolds numbers are discussed in this section. The analysis is conducted for Reynolds numbers ranging from 100 50,000. The variation of average Nusselt number with the increase of Reynolds number at particular turbulence intensity is examined and the increase in heat transfer coefficient with the increase in turbulence intensity is conveyed. The turbulence intensity varies from 5% to 50%. Figure 3 shows the variation of Nusselt number with Reynolds number. The CFD simulation is performed for Reynolds number of 100 to 50,000 and the curve shows good agreements with the correlation. The flow structure in presence of hexagonal cylinder could be easily detected by observing at the velocity vector plots at Figure 4 here the velocity field around the hexagonal cylinder is presented. It can be seen that the flow stream divides itself in two streams as it hits the hexagonal cylinder and combines after the hexagonal cylinder. The transformation of flow field from laminar zone to turbulence zone can be visualized from Figure 5 . In laminar zone, the rate of increase in Nusselt number is steady where as in turbulence zone this rate of increase is very high. From the curve, it is clear that for external cross flow over a hexagonal cylinder the transition zone is around 2000. The variation of Nusselt number with Reyonlds number for different turbulence intensity is shown in Figure 5 . The increase in Nusselt number with increase in Reynolds number for the turbulence intensity of 5%, 10%, 15%, 20%, 25%, 30%, 40% and 50% has been recorded in this present work. From the Figure 5 it is clear that for low value of Reynolds number the heat transfer rate is not much enhanced by the turbulence intensity but when the value of Reynolds number is higher than 10,000 the heat transfer coefficient is increased at a higher rate. The Nusselt number is almost same for Reynolds number up to 1,000. But beyond this value of Re, Nusselt number increases eminently with increasing turbulence intensity.
Figure 5. Effect of turbulence intensity on Nusselt number
The temperature contours near the cylinder wall are shown in Figure 6 . From the figure, the effect of cylinder temperature on the flow field is observed. A relatively lower temperature zone is established in the wake of the cylinder. This may be due to the fact that the time available for the fluid to extract heat is reduced at higher Reynolds number.
RE 1000
RE 5000 RE 10,000
Figure 6 Temperature contour near cylinder wall at different Reynolds number
The turbulent kinetic energy contour plot is presented in Figure 7 . The hexagonal cylinder is found to produce a highly turbulent filed as replicated in the high values of turbulent kinetic energy. Two sectors of high turbulence correspond to the two vortices also observed in Figure 7 . The flow arrangement is represented by axial velocity contours around the long expanded hexagonal cylinder in steady regimes is shown in Figure 8 . It is a group of constant velocity lines in the field of present study which help in the analysis of fluid flow appearances and also in classifying the nature of flow. 
CONCLUSIONS
In this work, a hexagonal cylinder in a square domain has been simulated. The work forecasts the steady, threedimensional incompressible flow as well as the thermal behaviour for a cross flow past the hexagonal cylinder numerically. It is found that Reynolds number has a important role on area weighted average of Nusselt number. Nusselt number increases with the increase Reynolds number increases and turbulence intensity. Initially the value of Pressure coefficient decreases and then it increases with increase in Reynolds number. Prediction of transition from laminar to turbulent regime is done. By drawing tangents at the laminar data ranges and at the end turbulent regime, we can recognize the transition zone. The results from purely laminar and those from turbulent model agree well with the results from transition SST model. 
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